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SUMMARY 


A wind-tunnel investigation was conducted to determine the effects of F101 DFE 
(derivative fighter engine) nozzle axial positioning on the afterbody-nozzle longi- 
tudinal aerodynamic characteristics of the F-14 airplane. The model was tested in 
the Langley 16-Foot Transonic Tunnel at Mach numbers from 0.7 to 1.25 and angles of 
attack from about -2® to 6®. Compressed air was used to simulate nozzle exhaust flow 
at jet total-pressure ratios from 1 (jet off) to about 8. 

The results of this investigation show that variations in jet total-pressure 
ratio (once the jet has been turned on) have only small effects on afterbody-nozzle 
drag characteristics at subsonic speeds, whereas at supersonic speeds increasing jet 
total-pressure ratio resulted in reduced drag. At subsonic speeds the intermediate 
cruise nozzle position of the three positions tested resulted in the lowest drag, 
whereas at supersonic speeds for positive lift coefficients the aft nozzle position 
resulted in the lowest drag. Speed-brake deployment resulted in the expected 
increase in drag without significantly affecting lift or pitching moment. 


INTRODUCTION 

The Grumman F-14A is the current front-line, fleet, air-defense airplane for the 
U.S. Navy. It is powered by two Pratt & Whitney TF30-P-414 engines. A program is 
currently underway to investigate the feasibility of reengining this airplane with 
General Electric F101 DFE (derivative fighter engine) engines to increase its per- 
formance. The FI 01 DFE is a version of the FI 01 engine first developed to power the 
B-1 bomber. 

As a part of the reengining program an investigation was conducted to determine 
the aerodynamic effects of integrating the F101 DFE engines and exhaust nozzles into 
the F-14 airframe. Since the F101 engine is somewhat shorter than the TF30 engine, 
there exists the possibility that the airplane afterbody can be shortened when the 
F101 engines are installed, thus resulting in a lighter configuration. However, it 
was feared that the drag for this configuration would be unacceptably high because 
of steep boattail angles where the FI 01 exhaust nozzles would be integrated into the 
afterbody. As a result, the investigation included afterbody-nozzle configurations 
(cruise power nozzles) representative of the shortest possible configuration, an 
intermediate nozzle location, and an aft nozzle configuration (which was the same as 
the formerly proposed F-14B configuration with Pratt & Whitney F401-PW-400 
engines). (See refs. 1 to 3.) The intermediate and aft nozzle configurations would 
require extensions to be added to the FI 01 afterburner duct in order to place the 
nozzles at the desired location and would, therefore, be heavier than the short con- 
figuration. 

This investigation was conducted in the Langley 16-Foot Transonic Tunnel at Mach 
numbers from 0.7 to 1.25. Angle of attack was varied from about -2® to 6®. The jet 
total -pres sure ratio was varied from 1 (jet off) to about 8, depending on Mach 
number. 



SYMBOLS 


All force and moment coefficients are referenced to the stability-axis system 
and are based on the geometry of the model having a wing leading-edge sweep of 20® . 
The origin of this axis system is at fuselage station 0.9127 m and water line 
0.3175 m. All reference dimensions are given in meters; model dimensions are shown 
in centimeters. 

b wing span, 1.6289 m 


^D,a 


afterbody drag coefficient, 


Afterbody drag 



^D,n 


nozzle drag coefficient obtained from integration of nozzle pressures and 

, , ^ ^ ^ . Drag of two nozzles 

calculated skin friction, 


C 


D,t 


total afterbody-nozzle drag coefficient. 


(Afterbody drag) + (Nozzle drag) 


L,a 


afterbody lift coefficient. 


Afterbody lift 

9„S 


'L,n 


nozzle lift coefficient obtained from integration of nozzle pressures. 

Lift of two nozzles 
q S 


'L,t 


total afterbody-nozzle lift coefficient. 


(Afterbody lift) + (Nozzle lift) 


C 


m,a 


afterbody pitching-moment coefficient. 


Afterbody pitching moment 

CO 


c 


m,n 


^m,t 


c 

M 


nozzle pitching-moment coefficient obtained from integration of nozzle 


pressures , 


Pitching moment of two nozzles 


total afterbody-nozzle pitching-moment coefficient, 

(Afterbody pitching moment) + (Nozzle pitching moment) 

q Sc 

CD 

mean aerodynamic chord of wing, 0.2490 m 
free-stream Mach number 


p^. j jet total pressure. Pa 

^ / J 


2 



free-stream static pressure. Pa 

free-stream dynamic pressure. Pa 

2 

S wing reference area, 0.3645 m 

a angle of attack, deg 

6, horizontal-tail deflection, deg 

h 

6^ speed-brake deflection, deg 

A wing sweep angle, deg 

Abbreviations : 

A/B afterburning 

BL buttock line 

FS fuselage station 

NPR nozzle pressure ratio, p, ,/p 

t,] 0° 

WL water line 


APPARATUS AND PROCEDURE 
Wind Tunnel 

This investigation was conducted in the Langley 16-Poot Transonic Tunnel, which 
is a single-return, continuous-flow, exchange-air-cooled, atmospheric wind tunnel. 
The test section is a regular octagon in cross section with slots at the corners of 
the octagon. The tunnel speed is continuously variable for a Mach number range from 
0.20 to 1.30. Further description of the Langley 16-Foot Transonic Tunnel can be 
found in reference 4. 


Model 

Photographs of the model mounted in the Langley 16-Poot Transonic Tunnel are 
shown in figure 1. A sketch showing the principal dimensions of the model is shown 
in figure 2(a). The model was supported in the 16-foot tunnel by a thin sweptback 
strut attached to the bottom of the fuselage just aft of the nose, as shown in fig- 
ure 2(b). The strut blended into a sting which had a constant cross section begin- 
ning at the intersection with the strut trailing edge and extending downstream to a 
station well aft of the model. Model details and dimensions are presented in 
figure 3. 

The model was tested with two wing-sweep positions: 22® for subsonic speeds 

(M < 0.9) with extendible glove vanes retracted, and 68° for transonic and super- 
sonic speeds (M > 0.9) with glove vanes extended. The inlets, located on each side 
of the fuselage, maintained true geometric lines but were closed to flow passage a 
short distance inside the inlet lip. The model consisted of three parts: the 
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forebody and wings, the aft fuselage and empennage (hereinafter referred to as the 
afterbody), and the engine exhaust nozzles. The forebody and wings were rigidly 
attached to the support system and were not metric. The afterbody was the metric 
portion of the model and started at the model metric break (station 1.1261 m, 

FS 112.607); it included the horizontal and vertical tails, ventral fins, speed 
brake, aft fuselage, and interfairing between the engines. The metric break is 
indicated in the sketches of figure 2 and can be seen in the photographs shown in 
figure 1. A flexible Teflon^ strip, inserted into slots machined into the metric 
and nonmetric portions of the model, was used as a seal at the metric-break station 
to prevent flow through the gap between the afterbody and the forebody. 

Four different pairs of exhaust nozzles representing cruise and afterburning 
power settings for the F101 DFE engines were tested. Three pairs represented 
cruise power-setting nozzles installed at three different axial stations (forward, 
intermediate, and aft as shown in figs. 1 and 4). (It must be noted that the aft- 
position nozzles were the same as those tested in refs. 1, 2, and 3 as configura- 
tion 9. It was deemed that they were sufficiently similar to the F101 DFE nozzles 
that, in the interest of economy, new nozzles did not need to be constructed.) The 
fourth pair of nozzles represented after-burning power-setting nozzles at the forward 
position. (See figs. 1 and 4.) The nozzle exhaust flow was simulated by use of a 
high-pressure compressed-air system. 


Instrumentation 

External static-pressure orifices were located on the exhaust nozzles, and the 
pressure coefficients were integrated to obtain nozzle force characteristics. In 
addition, internal static-pressure orifices were located in the afterbody cavity and 
at the seal station in the gap between the forebody and afterbody. The jet total 
pressures and temperatures were measured in each tailpipe by use of a total-pressure 
probe and a thermocouple. Forces and moments on the metric portion (afterbody) of 
the model were obtained by use of a six-component strain-gage balance. 


Tests 


Data were obtained for Mach numbers from 0.7 to 1.25 at angles of attack from 
about -2" to 6®. The average Reynolds number per meter varied from 1.12 x 10^ at 
M = 0.7 to 1.26 X 10^ at M = 1.25 in the 16-foot tunnel. The jet total-pressure 
ratio was varied from 1 (jet off) to about 8, depending on Mach number. 


Transition was fixed on the model by means of 3.2-mm-wide strips of No. 120 
carborundum grains. The transition strips were located on the ventral fins and on 
the horizontal- and vertical-tail surfaces at a distance of 5.08 mm measured normal 
to the leading edge. The transition strips on the wing were located as shown in 
figure 5. A 3.2-mm-wide ring of transition-strip grit was also located 13.5 mm aft 
of the nose of the fuselage. 


In addition to the various exhaust nozzles, other variables investigated 
included the effect of wing sweep, speed-brake deflection, and horizontal-tail 
deflection. 


1 

Teflon: 


Trademark of E. I. du Pont de Nemours S Co. , Inc. 


4 




Data Reduction 


Model data recorded on magnetic tape were used to compute standard force and 
pressure coefficients. All force and moment data in this paper are referenced to the 
stability axes through the airplane center of gravity. Model angle of attack was 
corrected for support deflection due to loads and for tunnel upflow. No correction 
was made for strut interference since data from references 5 and 6 indicate that the 
effect is small for a similar type of support system. 

The afterbody axial force was obtained from the reading for balance axial force 
corrected for pressure-area terms which consisted of internal-cavity and seal-cavity 
forces. The forces and moments on the exhaust nozzles were obtained from pressure 
measurements by assigning an incremental projected area to each nozzle pressure 
orifice and summing the incremental forces. Skin friction on the nozzles was cal- 
culated by using the Frankl and Voishel method (ref. 7) for compressible, turbu- 
lent flow on a flat plate. 


RESULTS AND DISCUSSION 

Data for this model have been previously reported in references 1, 2, and 3. 
However, the data in these references were obtained with various nozzle interfairings 
which were different from that on the current configuration, although the current 
interfairing is a derivative of interfairing 6 of reference 3. As a result, no com- 
parisons with the previous data will be made in this report. 


Presentation of Results 

The following table lists the figures through which the results of this investi- 
gation are presented. T'Jhen more than one figure is indicated for a given condition, 
such as 6(a), (b), and (c), the first (6(a)) presents the afterbody-nozzle character- 
istics, the second (6(b)) presents the afterbody characteristics, and the third 
(6(c)) presents the nozzle characteristics. 


Basic Force and Moment Data 

Basic afterbody and nozzle force and moment coefficient data for the four nozzle 
configurations investigated are presented in figures 6 to 9. These figures present 
the afterbody and total afterbody-nozzle forces and moments as a function of after- 
body or afterbody-nozzle lift coefficient and the nozzle forces and moments as a 
function of angle of attack at the various nozzle pressure ratios investigated. 
(Nozzle characteristics are shown as a function of angle of attack and not lift since 
nozzle lift remains essentially zero for all conditions tested.) It should be noted 
that these aerodynamic forces and moments represent only those measured on the aft 
portion of the model (afterbody-nozzle combination was approximately one-third of the 
model length) and do not include forces and moments on the wings or forward portion 
of the fuselage. Nozzle pressure ratio had virtually no effect on the lift or pitch- 
ing moment of the afterbody or nozzles for all four configurations at all conditions 
tested. At subsonic speeds, turning on the jet exhaust generally reduced both after- 
body and nozzle drag (except at M = 0.7 shown in fig. 6(a)), whereas increases in 
nozzle pressure ratio above the initial jet-on point generally resulted in either a 
small further reduction in afterbody or nozzle drag or no effect at all. (For 
example, see figs. 6(a) to 6(1).) At supersonic speeds turning on the jet exhaust 
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Configuration 


Cruise-nozzle position: 

Aft 

Intermediate 

Forward 

A/B nozzles, forward position ... 


Effect of cruise-nozzle position 


Effect of power setting 


Cruise-nozzle position: 

Aft 

Intermediate 

Forward 

A/B nozzles, forward position 


Figures showing results of this investigation for - 


= 68 ° 


M = 0.9 


Effect of nozzle pressure ratio 


M = 1.15 


6(a), (b), (c) 6(d), (e), (f) 6(g), (h), (i) 6(j), (Ic), (1) 6(m) , (n), (o) 
7(a), (b), (c) 7(d), (e), (f) 7(g), (h), (i) 7(j), (k), (1) 7(m), (n), (o) 
8(a), (b), (c) 8(d), (e) , (f) 8(g), (h), (i) 8(j), (k), (1) 8(m) , (n), (o) 
9(a), (b), (c) 9(d), (e), (f) 9(g), (h), (i) 9(j), (k), (1) 9(m), (n), (o) 


10(a), (b), (c) 10(d), (e), (f) 10(g), (h), (i) 10(j), (k), (1) 10(m), (n), (o) 


11(a), (b), (c) 11(d), (e), (f) 11(g), (h), (i) 11(j), (k), (1) 11(m), (n), (o) 


Effect of wing sweep (M = 0 .9 only) 


M = 1.25 


6(p), (q), (r) 
7(p), (q), (r) 
8(p), (q), (r) 
9(p), (q), (r) 


10(p), (q), (r) 


11(p), (q), (r) 




Effect of 20° speed brake 


Cruise-nozzle position: 

Intermediate 

Forward 

1 




13(a), (b), (c) 
14(a), (b), (c) 

13(d), (e), (!f) 13(g), (h), (i) 
14(d), (e), (f) 14(g), (h), (i) 

Effect of horizontal-tail deflection 




Forward position: 
Cruise nozzles , 
A/B nozzles . . . . 


































generally resulted in a decrease in afterbody and nozzle drag which was further 
enhanced by increases in nozzle pressure ratio. (For example, see figs. 6(m) to 
6(r).) Since nozzle pressure ratio generally had virtually no effect on afterbody 
and nozzle lift and on pitching-moment coefficients and since the effect on drag was 
generally consistent, further data comparisons will be made at only one nozzle pres- 
sure ratio for each Mach number tested. 


Effect of Nozzle Position 

The primary purpose of this investigation was to determine the nozzle axial 
position for lowest drag. Comparisons of the aerodynamic data for the three cruise- 
nozzle axial positions are shown in figure 10. At subsonic speeds for both wing 
sweeps, the changes in afterbody and nozzle lift and pitching moment with nozzle 
position were virtually negligible. At supersonic speeds the nozzle lift and pitch- 
ing moment were about the same for all three axial positions, whereas the afterbody 
lift and pitching moment were the same for the intermediate and aft nozzle 
positions. The forward nozzle position resulted in a somewhat lower afterbody lift 
and pitching moment than that of the other two positions at supersonic speeds. Since 
the subsonic lift and pitching-moment characteristics do not change with nozzle posi- 
tion, direct comparisons of the drag characteristics of the three nozzle positions 
can be made without adjustment of the data for possible changes due to trim. At 
supersonic speeds, with the comparisons made at a constant lift coefficient, in order 
to get a totally accurate comparison between configurations the differences in 
pitching-moment characteristics should be taken into account. However, since the 
pitching-moment differences between configurations are generally small and the super- 
sonic comparison is not realistic (because the airplane will never operate at super- 
sonic speeds with the nozzles at the cruise power setting except in the event of a 
flameout, and then not for long), the comparison will be made without adjusting for 
the pitching-moment difference between configurations. 

At subsonic speeds with a wing sweep of 22®, the intermediate cruise-nozzle 
position had the lowest total afterbody-nozzle drag, the aft nozzle position had a 
somewhat higher drag, and the forward nozzle position had the highest drag. The data 
show that the difference in total afterbody-nozzle drag between the aft and forward 
nozzle positions is almost entirely the result of the difference in nozzle drag 
between the two configurations. This is due to the higher boattail angles on the 
forward configuration since the nozzle closure must occur in a much shorter dis- 
tance. The intermediate nozzle position has both lower afterbody drag and lower 
nozzle drag than either of the other two configurations. As expected, the nozzle 
drag of the intermediate configuration was lower than that of the forward configu- 
ration, again because of a shallower boattail angle. The fact that the intermediate 
configuration had a lower nozzle drag than that of the aft configuration may be 
explained because the aft nozzle was not exactly of the same design (being a cost- 
saving holdover from previous tests with a different external contour and a slightly 
higher closure than the other two cruise nozzles). However, without data from diag- 
nostic pressure taps on the afterbody, the advantage that the intermediate-nozzle 
configuration holds in afterbody drag over the aft configuration is not explainable 
at the present time. It might be possible that the exits of the intermediate nozzles 
were in such a position that the jet exhaust provided a favorable interference on the 
adjacent portions of the interfairing. However, when the data for the jet-off condi- 
tion were examined (not shown), the intermediate-nozzle position also exhibited the 
lower afterbody drag. Therefore, the characteristic is not a plume effect and may be 
due to details of the integration of the nozzles with the afterbody. 
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At M = 0.9 with a wing sweep of 68®, the intermediate- and aft-nozzle configu- 
rations have approximately the same afterbody-nozzle drag level whereas the 

forward-nozzle configuration has significantly higher drag. The aft-nozzle position 
yields slightly lower afterbody drag Cp ^ than that of the intermediate position, 
whereas the intermediate position yields slightly lower nozzle drag Thus, the 

total afterbody-nozzle drags for the two configurations are about the same. 

At supersonic speeds the relative positions of the total afterbody-nozzle drag 
and the afterbody drag for the three configurations vary with lift coefficient. 
However, for positive values of lift coefficient, the aft configuration has the 
lowest drag, the intermediate configuration has a slightly higher drag, and the for- 
ward configuration has the highest drag. This is as expected at supersonic speeds 
because of area-rule considerations and is reflected in only the afterbody drag (as 
expected) . The three cruise nozzles have about the same drag at supersonic speeds 
because their boattail angles almost ensure that all three are highly separated at 
these supersonic speeds . 


Effect of Nozzle Power Setting 

Figure 11 presents a comparison of the cruise- and afterburning-nozzle data 
(forward position) for the various Mach numbers investigated. The only unexpected 
result shown by this figure is that the cruise power-setting nozzles resulted in 
slightly lower afterbody lift and, hence, total afterbody-nozzle lift than did the 
afterburning-nozzle configuration at both subsonic and supersonic speeds. It was 
expected that the lift would be the same for both configurations as was the pitching 
moment. As expected, the A/B configuration exhibited lower nozzle and resulting 
total drag than that of the cruise-nozzle configurations as a result of the much 
shallower boattail angles of the A/B configuration. 


Effect of Wing Sweep 

At M = 0.9, tests were conducted with the wings swept at both 22° and 68°. The 
comparison of results for the two wing sweeps is presented in figure 12. The results 
shown are not unexpected since, at 68°, the wings are in much closer proximity to the 
afterbody and horizontal tails than at 22° and, therefore, would be expected to cause 
a higher level of interference. Generally, the 68° wing sweep resulted in slightly 
higher afterbody lift and, hence, total lift than that of the 22° wing sweep. Also, 
in all cases, the 68° wing sweep resulted in increased drag (nozzle, afterbody, and 
total) over the 22° wing sweep. Pitching moment was not significantly affected by 
wing sweep . 


Effects of Speed-Brake Deployment 

The effects of 20° speed-brake deployment for the intermediate and forward 
cruise-nozzle configurations are shown in figures 13 and 14, respectively. As 
expected and desired, the afterbody and total drag coefficients were significantly 
increased at all conditions with the speed brakes deployed. At subsonic speeds the 
nozzle drag was also increased. However, at supersonic speeds the nozzle drag was 
reduced when the speed brakes were deployed. This phenomenon was a result of the 
flow aft of the speed brakes (especially at supersonic speeds) having a greatly 
reduced velocity; hence, the nozzles were at least in part in a reduced Mach nxamber 
flow field and, therefore, the drag was reduced. Also, generally the afterbody and. 
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hence, total lift were reduced slightly with speed-brake deployment, whereas the 
pitching moment remained essentially constant with constant lift. 


Effect of Horizontal-Tail Deflection 

The effects of - 2 ° horizontal-tail deflection for the forward cruise-nozzle 
configuration in combination with 20° speed-brake deflection are shown in figure 14 
and with the basic afterbody in figure 15. The effects of the -2° tail deflection on 
the afterburning-nozzle configuration are also shown in figure 15. The drag results 
for -2° tail deflection are mixed, with some conditions resulting in higher drag than 
the 0° tail deflection, some with the same, and some with lower. The effects of the 
-2° tail deflection on lift, however, are consistent. It was expected that the -2° 
tail deflection would result in a reduction in afterbody lift, and this was the case 
for both the cruise and afterburning-nozzle configurations with the basic afterbody. 
However, with the speed brakes deflected, the flow interference from the speed brakes 
was such that the -2° of tail deflection resulted in an increase in lift rather than 
a decrease. In addition, for all conditions and configurations, when compared at a 
constant lift coefficient, the afterbody, nozzle, and total pitching-moment coef- 
ficients remained the same at both tail settings. This would indicate that, at a 
constant angle of attack, the pitching-moment change due to the change in tail 
deflection was being offset by a change in lift; thus, when compared at a constant 
lift *coefficient, the pitching moments were essentially identical. 


CONCLUSIONS 

A wind-tunnel investigation of the axial positioning of the F101 DFE (derivative 
fighter engine) exhaust nozzles and other configuration variables on the afterbody- 
nozzle longitudinal aerodynamic characteristics of the F-14 airplane has indicated 
the following conclusions: 

1 . At all conditions investigated jet total-pressure ratio had virtually no 

effect on either the afterbody, nozzle, or total lift or on pitching-moment 
coefficients for all four nozzle configurations investigated. 

2. At subsonic speeds increases in jet total-pressure ratio, once the jet had 

been turned on, had only small effects on afterbody and nozzle drag 
characteristics for the four nozzle configurations investigated. 

3. At supersonic speeds increases in jet total-pressure ratio resulted in 

reduced drag for all four nozzle configurations investigated. 

4. The intermediate cruise-nozzle position of the three positions investigated 

resulted in the lowest afterbody-nozzle drag for subsonic Mach numbers. At 
supersonic Mach numbers and positive values of lift coefficient, the aft 
cruise-nozzle position resulted in the lowest drag. 

5. Speed-brake deployment resulted in higher drag with only small changes in 

afterbody-nozzle lift and with essentially none in pitching moment. 

Langley Research Center 

National Aeronautics and Space Administration 
Hampton, VA 23665 
January 14, 1982 
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(a) Side view with aft-position cruise power nozzles installed 


Figure 1.- Model installed in the Langley 16-Foot Transonic Tunnel 
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L-80-5150 


(b) Rear view with intermediate-position cruise power nozzles installed. 


Figure 1.- Continued. 



L-80-5565 

(c) Rear view with forward-position cruise power nozzles installed and speed brakes deflected 20°. 


Figure 1 Continued. 




(d) Hear view with forward-position A/B power nozzles installed 


Figure 1.- Concluded. 


Metric Breok 


Bottom view 
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(a) Model with maximum-afterburning, power-setting nozzles of type A installed. 

Figure 2.- Sketch of model with geometric details of model support. All 
dimensions are in centimeters unless otherwise specified. 
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details of model support. 


2.- Concluded. 
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(a) Wing. 



Figure 3.- Details of model. All dimensions are in centimeters 

unless otherwise specified. 











(c) Cruise power-setting nozzles installed at forward position. 

Figure 4.- Continued. 
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FS 141.499 



(d) A/B power-setting nozzles installed at forward position. 


Figure 4.- Concluded 


Figure 5.- Sketch showing transition-strip location on upper wing 
surface for configurations with A = 22° . All dimensions are 
in centimeters • 
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(a) Afterbody-nozzle characteristxcs. 
M = 0.7; A = 22®. 


(b) Afterbody characteristics. 
M = 0.7; A = 22®. 


Figure 6.- Effect of nozzle pressure ratio (NPR) on afterbody-nozzle aerodynamic 
characteristics for configuration with cruise nozzles in aft position. 
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(c) Nozzle characteristics. 

M = 0.7; A = 22». 


Figure 6.- Continued 
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(d) Afterbody-nozzle characteristics. 
M = 0.8; A = 22°. 


(e) Afterbody characteristics. 
M = 0.8; A = 22°. 


Figure 6.- Continued. 



-8 -4 0 4 8 

a. deg 


(f) Nozzle characteristics. 
M = 0.8? A = 22». 

Figure 6.- Continued. 
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(i) Nozzle characteristics. 

M = 0.9f A = 22». 


Figure 6.- Continued 
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(1) Nozzle characteristics. 
M = 0.9; A = 68® . 


Figure 6.- Continued 
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(m) Afterbody-nozzle characteristics. 
M = 1.15; A = 68». 

Figure 6.- Continued. 
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(n) Afterbody characteristics. 
M = 1.15; A = 68®. 

Figure 6.- Continued. 
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(o) Nozzle characteristics. 
M = 1 . 1 5 ; A = 68» . 


Figure 6.- Continued 
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a, deg 

(r) Nozzle characteristics. 
M = 1.25; A = 68®. 


Figure 6.- Concluded 
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(a) Afterbody-nozzle characteristics. 
M = 0.7; A = 22°. 


(b) Afterbody characteristics. 
M = 0.7; A = 22°. 


Figure 7.- Effect of nozzle pressure ratio (NPR) on afterbody-nozzle aerodynami 
characteristics for configuration with cruise nozzles in intermediate 
position. 
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(c) Nozzle characteristics. 

M = 0.7; A = 22“ . 

Figure 7.- Continued. 
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Figure 7.- Continued. 
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(f) Nozzle characteristics. 
M = 0.8; A = 22». 


Figure 7.- Continued 
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(i) Nozzle characteristics. 
M = 0.9; A = 22° . 

Figure 7.- Continued. 
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Figure 7.- Continued 
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(1) Nozzle characteristics. 
M = 0.9; A = 68®. 


Figure 7.- Continued 
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(m) Afterbody-nozzle characteristics. 
M = 1.15; A = 68®. 


(n) Afterbody characteristics. 
M = 1 . 1 5 ; A = 68° . 


Figure 7.- Continued. 
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(o) Nozzle characteristics. 

M = 1.15; A = 68». 

Figure 7.- Continued. 
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(r) Nozzle characteristics. 
M = 1.25; A = 68®. 


Figure 7.- Concluded 
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(a) Afterbody-nozzle characterxstxcs . 
M = 0.7; A = 22®. 


(b) Afterbody characteristics. 
M = 0.7; A = 22®. 


Figure 8.- Effect of nozzle pressure ratio (NPR) on afterbody-nozzle aerodynamic 
characteristics for configuration with cruise nozzles in forward position. 
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(c) Nozzle characteristics. 

M = 0.7; A = 22° . 


Figure 8.- Continued 



Figure 8.- Continued 










.016 


,012 


.008 


.004 


.04 
n 0 

-.04 

.04 

n 0 
-.04 


-4 




HTTV^Ki 














nr 






0 

a, deg 


(f) Nozzle characteristics. 
M = 0.8; A = 22®. 


Figure 8.- Continued 
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(i) Nozzle characteristics. 

M = 0.9; A = 22®. 

Figure 8.- Continued. 


56 





-8 -4 0 4 8 12 

a, deg 

(1) Nozzle characteristics. 

M = 0.9; A = 68®. 


Figure 8.- Continued 


!■■■■ 


|:SH 


■■■■■■■■■■■I ■■■■■■■■■■! 

■■■■■■■■■■■I ■■■■■■■■■■I 

■■■■■■■■■■ 

■SStfStHBaani 

BBBBKKU;«BBBB 
BBBBBB.iiifiiiBIlIBBBBBBBBBl 
BBBBBBtSaBaliB KfiBBBBBBBBl 
BBBMBBBBBBBI BBBBBBBiBBl 
laSHIISBflBBBBIBBBBBBBBliBl 
111 Bi£«BfliBflBB BBBBBBBBJ>U I 
BklBBB^rBBBBBIIMBBBBBflBl 
BKBBBBIIIEMS5 VSBBBBV JBbI 

bbmbbhbbbbb bbbbbbbbbbI 

BBBBBBIBBBBB BBBBBSiiBBBl 
BBflhiSiBBBBBBI BBBBBBBiBBl 
BBBlIBBBBBBBBBBiPSBBBBEBBl 
— BiBK?iBBBBBi!IBi1BBBBBBB| 
BBBBKB’-SaBBBBBBI ” 

»8:b:»!s:::ssi 




ISHSSSHHHUSBSS 

I:sb3b»::bbksb 

IraBBBilBlBBBBBBBBiBI 

iBBBflBliBSlBBBBBBBiBS 

!■■■■■■■»:<■ ■BBiBBBiBI 
l■BBBB■BBalBBBiiBBEB■ 
l■BBB■flflB■»BBiB■BiBB■ 

" ■BEBBkV^iiaiiiBii 


■BBBBBBiiB 

bsbkh: 

liiB” 


USHBI 


lfliiB^B__ 

I flBBBBiBBBl 
BflBBBJItBBl 

■BBBPMt>'=j| 

BBBBBBiB»'rw;«BBBBBBI P»RfBB2fl|l 

BBBBBBBBBJB.t ^B'tflTiBll r^MBiKiill 


KH^B.SUBBBB 


■ BBBBBBBBBkll 

Ihbbs»ss 

IbBBBBBBBBB! 

BsiBSShitsOs 
^UHiiSB ESB 
lBKHS»K9»»SSr~ 


ii^bbbbbb 

I^^^BBBBI 

'IBBBBiiB 

3!!B[^ 

■bbbbbbb 

— IliBBBB 

-JBBflBBI 

SH8SS'‘ 


llBBB 

Ibbbb 

|bbbb 


.IBBBBBB 

k'>!«BBBBB 

r.s'^BBBB 

1 <BBCZ 

BU-'BBBB 

BBEiBBBB 

_Bk^Bl 

BBBBB 

BB'- ■“ 


SS 



NPF 

o 

1.0 

□ 

1.5 

0 

2.5 

A 

4.0 

b. 

6.0 


8.0 


S BBBtl 
BBr" 


BBBBBBB BB 


Bil 

BBBBBBBBBI BB»BBBBBiB| 


bbbbb 

BBBBB 

BBBBB 

BBBBB 

BBBBB 


BBBBB 

BBBBB 

BBBBB 


Bl| 

ai| 

■■I 
■■I 

Bll 

Bl BBBBBBBBBTI 

Bi bbbbbbbbbbI 
Bl bbbbbbbbbbI 
Bl bbbbbbbbbbI 
Bl bbbbbbbbbbI 

Bl BBBBBBBflBBl 

Bl bbbbbbbbbbI 
Bl BBBBBBBiBBl 
Bl bbbbbbbbbbI 
kii bbbbbbbbbbI 
Bl bbbbbbbbbbI 

“Ik’T 

III 

Blf.>i'BBBBBBiB| 
. ^.JBBBBBBBI 
Bl BaBBBBBaill 

ZIZD»BBBBBiB_ 

Bl BBBBBBBaaBl 


Bl BBBi^BBBBBBl 
Bl bbbbbbbbbbI 

Bl BBBBk'BBBBBi 

Bl bbbbbbbbbbI 

Bl BBBBBk'BBBBl 
Bl BBBBBBklBBBl 
Bl bbbbbbbbbbI 
BIBBBBBBBklBBl 

Bl bbbbbbbbbbI 

BIBBBBlBBliBkll 

BIBBBBBBBBSal 


o 

1.0 

□ 

1.5 

0 

2,5 

A 

4.0 


6.0 


8.0 


SBBS88SaiiBi 

lE19iiiiS^1!!E!S5fiBS! SSSSggg 


IbBBBBBBBBBBBBP ^ IBBn BBBBBBBBBil 
iBBBBBBnBBBBBB *'.««il BBBiiBBBBBl 

lBisssus:is8Ssiii;i8:iK3sBa8sl 

l■g 8 SSBB 8 B: 8 SSSSik'US BBBBBBBBBBI 

!|Bvu ■uBgagiafl 

HnBsSiKsSsKis:ssss:BB!| 


S BBiB - 

BBBBBBBl 

liiiilEEEESfiSfiSS 5£!ISBS2SS8 


iBBBBBBBBBBBIMBBiBBBI BBBBk'BI 

ISBBBSBBBSBBnBBBBBK BBSS^^aii, 

Ibbbbbbbkbbbbbbb::: sbbbbkbsbi 

IbsBSBBBBBBBBBBBBSS: BBSSSSB^tBl 

..iaiBBBBflBaBlBBBBBBIBiflBflBBbfll 

18888888888888888888; 88888883881 


BiBBB 

BBBBB 


Bl BBBBflB8BBll 
BlflBflBBBBBBBl 
Bl BBBBBBBBBil 
Bl BBBBBBBPSIkBI 
Bl BBBBBBB^:?!!] I 

Bl bbbbbbSbbbI 

Bl BBBB^BIBBBI 
BIBBPriiBaiBBBl 

Bir.AlBBI ■ 

Bl J*1JBBI 

Wr. BBBBBI 

;rfi bbbbbbbbbbI 


IliBKiiiBU 


SSBSS 

BBBK* 


^atBrn 

BBBBBBBBBI BBBBBI 


S»SB| 


BBBBB 

BBBBB 

BBBBB 

BBBBB 

BBS! 


BBB 

BBB 

BBB 


BBB 

BBB 


Bl BBBBBBBBBBI 

Bl bbbbbbbbbbI 
Bl bbbbbbbbbbI 
Bl bbbbbbbbbbI 
Bl bbbbbbbbbbI 
Bl bbbbbbbbbbI 
Bl bbbbbbbbbbI 
Ii bbbibbbbbbI 

■I BBBBBBBBBB | 



-8 -4 0 4 8 

a, deg 

(o) Nozzle characteristics. 

M = 1 .15; A = 68®. 


Figure 8.- Continued 
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(p) Afterbody-nozzle characteristics. 
M = 1.25; A = 68». 


(q) Afterbody characteristics 
M = 1.25; A = 68°. 


Figure 8.- Continued 
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(r) Nozzle characteristics. 

M = 1.25; A = 68°. 

Figure 8.- Concluded. 
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(a) Afterbody-nozzle characteristics. (b) Afterbody characteristics. 

M = 0.7; A = 22®. M = 0.7; A = 22®. 

Figure 9.- Effect of nozzle pressure ratio (NPR) afterbody-nozzle aerodynamic 
characteristics for configuration with afterburning nozzles in forward 
position. 








-8 -4 0 4 8 

a, deg 

(c) Nozzle characteristics. 

M = 0.7; A = 22°. 

Figure 9.- Continued. 
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(f) Nozzle characteristics. 
M = 0.8; A = 22«> . 


Figure 9.- Continued. 








-8 -4 0 4 8 

a, deg 


(i) Nozzle characteristics. 
M = 0.9; A = 22° . 


Figure 9.- Continued. 
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(1) Nozzle characteristics. 
M = 0.9; A = 68®. 

Figure 9.- Continued. 
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Figure 9.- Continued 
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(o) Nozzle characteristics. 
M = 1. 15; A = 68® . 


Figure 9.- Continued. 















a, deg 


(r) Nozzle characteristics. 
M = 1 .25; A = 68» . 

Figure 9.- Concluded. 


74 




|::»:::sss:ksss:ss:shssb»h| 

aSBSBBBSSSSSSSSSSSS:»SSBI!J!SSS 

5BSBBSS:BBSSSSSSBBS!BHS»SSSI 

BSSUSSiBBIIBMSBSBSSBBBiiBB 


s 


aaaaaBaaBB^aaaSaaB laaiscaaBaB 

BBBBBBBBaiaKfi-aagB -!*aB|BBBaB 


^BBBBBBBBBBBBIia. . . 

BBBBBBaflBaaBaflBPaaBB ■BBBBBaaBBl 
— ^aBaBaBBBBBBBBBBBBB ■BBBBBBBBBI 
IBBBBiBflfliBBBBBflBBBaBBBBBBml 
. JBBBBBBBBBBBBBBBaBfl ■BaBBaflBB~ 
iiBBBaaBBBBBBBBBBBBB BBBBBBBBB 


Ibbbbbbbbbb 

liBBBBBBaBB 

iBBBBaBBaBB 

Ibbbbbbbbbb 


Ibbbbbbbbbb 

IBBBflBBBBBiBBBBI 

■ 1R5BBBI 


Nozzle Position 
o Forward 


o Intermediate 


O Aft 


BBBBBBB BBflBBBBBB 

iBBBBBBBBBIIBZ«BBiaBBBB BBBBBBBBB 
|BBBBBBBBBl|k^BaBiBaBBB BBBBBBBBB 
iBBBBBBBBBiBk^BBBBBBBB flBBBBBBafl 
iBBBBBBBBBBBBVBBBaB ■ BBBBBBBBB 
|BiBBBBBBBaBai>.^BBBBBB BBBBBBBBB 
iBBBBBBBBBBBBBvVflBBB 

! BBaBBaBBBBBfli:i1BBg 

BBaBBBBBBBaBI 

IBBBBBBaaBB' ~ 


■aBBBBBaBaaai\BBa BBBaaaBBBB 

IBBiBIWBB 

laaiau'.BBi 


■BBBBBBBBB 


lailBBB IBBaBB 
■BBBBB 


S BaBBaaBBBBBBaBk;'.- 

BBBBBBBBBBBBBBBk\l gBBBaB 
IPBBBBBBPBBBBBBBBBV E PBBBB 

Ibbbbbbbbbbbbbbbbbbv^b ■bbbb 
iBBBiaBBBBBBaaaBaBBkM BflBBB' 

Ibbbbbbbbbbbbbbbi 


ibbbbbbboi 

iBBBiiaBkNf 

laBBaaBBB l 


BBB 

BBB 


iBaaaBBaaBBBBaBBaaBBB JBBBBi 
laBBBaBBBBBBBBBBBBaaB ■’•'BBaBBaBBl 
|■■aB■BBaB■BBBaBaBBai k B»iBaBBBBBl 
laBBBBBaaiaBBBBBaBBii Buk^iBBaiaaBl 
laBBiBBBBiBBBBBiBBBiB BBkVBBBEBBB | 
laBBiaBiBaBBBaBEaBBaBaBBv^BBBflBBl 
iBBaaBBBaBBBBBBlBBBii ■BBk\BBBBBB| 
|BBBBBBBBaiBBBiiaBBEBBBBB\^BBaBB| 

|BaaBBBBBaBBBBaBaBBBiBBBBl«'^£^iBll 
iBBBBBBBiBBBBBBBBBBBiBBBBBP^^Bail 
laBBBaBBBBBBBBaBBBBaBBBBBBBBMBBl 
Ibbbbbbbbbb BBBBBBBBB iBBBBBBBBBil 
iBBBBBBBBBBBaBaaBBBaa BBaaBBaaBBl 
iBBBBBBBBBBBBBBBBBBBi aBBiBBBBBa | 
iBBBBBBBBBBaBBBBBBBBa BBBBBBiaBBl 


IBBBBBBBBBBBBBBBBBBBi BBBBBBI 
I BBflflBBBBBBBBiBBBBBBa BBiBBBi 

H iaBBBflflBBBiBBiiBBg BBBBBBBBB 
BBiigBiBBBBBgiiBBl flBBBflBBBB 
I BBBBfliiBBBBiBBiBBBBI BBBBBBiBa 
I BBBBBBBBflBBiBBBBBBBB BBBBBPtf BB 
I BBBBBflBBBBRBBBBBBBBB BBBBIB VBB 
I BBBBBBBBB m'::^BBBBBBBB BBBBPSBBB 
IIBBBBBB .■ »:/iBBBBBBBB BBBKBBBBB 
. ^BBBBBBBBB k'^B^BBBBBBB B:?%BS 1 BBB 
I BBBBBBBBBBBBB^BITBBBB ^^BJI BliBBB 
— liBBBBiBBBBBKB>.'*SP BBBBBBBBB 

JBBBBBiBEBKi«sBBBr=QBBBBBBB 

|BflBBBBBBEBBBBBat*BBS:>PiBaBBBBB 
liBBBBaBBBESBBaBBBib aiBBaBiBB 


Nozzle Position 

o Forward 
□ Intermediate 
O Aft 


IBBBBBBBBB ■rBBBBBBBBl BBBBBBBi 
IBBBBBBBBBf rfrflBBBBBBI BBBBBBBi 

B BBaBBBBBBb^.IBBBflBBBiBBBBflBBBBfll 
BBBBBBBBBBkNBBBBBBBi BBBBBBBBBB| 
IBBBBBBBBaaaBMBaBBBBBflflBaBaBBBBl 
iBBBBBBBflBBBBi^lBBBBBiBBBaBBaBBBl 
iBBBBBiBaBBBBB.VBBBBBB BBBBBBBBBI I 
iBBBBBBiBi|BaBB^^iBBBIB|BiBiBBBi| 
iBBBBBBiBiE BBBBiiiilBBaB BBBaBBBBBB | 
Ibbbbbbbbbb BBBB?iji^BBi bbbbbbbbbb | 

iBBBBBBBBBBBBBBB^'JBBi BBBBBBBBBbI 
iBBBBBBBBBaBaBBBBMBaiBBBBBBBBBBl 
iBBBBBBBBBBBBBBBBiBBI BaBBBBBBBal 

iBBBBBBBlBBBBBBBBBiCVI BBBBBBBBBB | 
iBBBBgBBiBBBBBBBfliBkNI aBBBBBBBBBl 
|BBfliiBBBBaBaBBBBBBB\'iBBBaBBaBaB| 
iBBBBBBBaaaBBBBaBBBBK ■aBBBBBaBBi 
iBaaBaaiaaaBaaaBaBBBii ■ BBaBBaaaBl 
laaaBBBaBaBBBBaBBBBaii riBaaaBaaBB | 
iBBBaaBBBaBBBBBaaBBBlir^BBBaaBBBl 
iBBaaBaaaaBaiaaaaBBai Bi^iaaaaaaBl 


. iBaBBBBBaB BBBBIBaBai BakxaBBBBaa 
laaBaBBaBaaiBBaaBaBBi BaaMBaiBBa 
fBBBaBBBaBaiBBBBBBaBBBBBb'BgBaiB 

[SBBBSSBflBIBBBBaaBB^^ BBBB iiSBBBB 

HH»:h:HS8888HS8S88SS2BS 


laBaBaBBBBaaBBBBaaaaiaBBBaBSiSiBB 
I BaBBBBBBaaiiBBBBiBBI BaBaaBBBBB 
laBiBBBiaBfliaBgBBiBBi BBBaaaaBBB 

iBaiBBaBaBagaBii ' 

I BBBBBBBBBB EiBBI 


BBBBBI BBBaagBBBBi 
iBBBBBi BBBBBBBBBBI 


iBBBBaBBBB 


BIBBBBBBB 

bEbbbbbbb 

BBBBBBBBB 

BBBBBBBBB 

BBBBBIBB BBB 
BBliBBaB BBB 
BBiBBaBB BBg 
BBBBBBBB — 
BBflflBBiBl 


IB BBBBBBBBBI BBBBBBBBBBI 
~ BBBBBBBBBB BBBBBBBBBBI 
BBBBBBBBBB BaBBaBBBBal 


__JBBB|BB 
I BBBBBBBB 

Ibbbbbbbb 


BBBBBBBBM BBBBBBBBBB | 


BBBBBBBBBB ■■■■:? <!k>9IBB 

■■■■■■ ■■■■«-\Tr4| 

■BBBBB ■■BJ&^BBBB 
■BBBBB BB^^BBBBB 
■■■■■■ Tri.%mummmm 

— !■■■■ h I I’JBBBBBB 

mmmz ^^bbbbbbbb 

■BBB^^ ■■■■■■■■■ 
pmrj^a ■■■■■■■■■ 


BBI 


BBBB 
BBBB 
I BBB 
BBBB 


IBP^^BB BBBBBBBBI 
TBBBBBBBBBBBB 


■■■■■(*•' «BBB ■■■■■■■■■ 

iifliaiiB SflBSSSBSBBBBBBBBBBBB 

SSSSSSSB M^SiSSSSSSSSSSSSSSS 

|■■■■■B■■■U^^■■■■■■■■ ■■■■■■■■■ 
IbbBBBBBBBBBBBBBBBBBB BBBBBBBBB 
IbBBBBBBBBBBBBBBBBBBB BBBBBBBBa 
IBBBBBBBBBBBBBBBBBBBB ■■■■■■■■■ 
IBBBBBBBBBBBBBBBBBBBB ■■■■■■■■■■! 

l■■l■l■■a■■■■■■■■■■■■ ■i■■■■■■||| 

lB■■■ 8 ■^■■i■^■■B■■■■^ ■■■■■■■■■■I 


S BBBBBBBBBBBBBBBBBBB BBBBBBBBB 
■■■■■BBBBBBBBBBBBBB BBBBBBBBB 
IBBaBBBBBBBBBBBBBBgBI BBBBaBBBB 
iBBBBBBaBaBBBBBaBBiBB BBBBBBBBB 
iBBBBBBflBBBBBBaaaflBfll BBBr7;^:«Ba 
laBBBBBBBBBBBBBBBBBBB aBBBA'^^liBB 

a BBBBBBgBBBBBBaaBBai BaB^iaBBBB 
BBBBBaaBBBBBaaBiaai aiy',BBBBBB 
IBBBBBBBBBBBBBBBBBBBr * JBBaaBflB 
IbBBBBBBBBBBBBBBBBBBII BBBBBBBB 
IbBBBBBBBBBBBBBBBBBB'^ BBBBBBBBB 

l§fiiiaias!iiiiai*Fy^ ■isaiaiia 

VBBII 


IBBBflBBBaBBB^^^BBiBi BBBBBBB 

.^JBBBBBBBBBB^aBBBBBi BBBBBBB 

|aBBBB88B|BBI2fBBaaBBBI BBBBBBiBB 
|■■■■■a■■Ez TtiTIBBBBBBBB ■■■■■■■■■ 


- ‘>'>*:4BBBBBaBB BBBBBBBBB 

IBBBBBBBBBBBBB 

liaa 

IBBBBBBBBBBBBBBBBBBBI BBBBBI 
fflBBBBBBBBBBBBI BBBBBI 


l8888iS88888i8S8888i888888S88 
UBBSHSSSKSHJ^ 


!■ 

iBB 


(a) Afterbody-nozzle characteristics. (b) Afterbody characteristics. M = ( 
M = 0.7; NPR, 3.5; A = 22‘>. NPR, 3.5; A = 22°. 


Figure 10. Effect of cruise— nozzle position on afterbody-nozzle aerodynami 

characteristics . 
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(c) Nozzle characteristics. M = 0.7; 
NPR, 3.5; A = 22“ . 


Figure 10.- Continued. 
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(d) Afterbody-nozzle characteristics. 
M = 0.8; NPR, 3.5; A = 22® . 


(e) Afterbody characteristics. M 
NPR, 3.5; A = 22®. 
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Figure 10.- Continued. 


77 




a, deg 


(f) Nozzle characteristics. M = 0.8; 
NPR, 3.5; A = 22° . 


Figure 10.- Continued 
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(i) Nozzle characteristics. M = 0.9; 
NPR, 5.5; A = 22®. 


Figure 10.- Continued 
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(1) Nozzle characteristics. M = 0.9; 

NPR, 5.5; A = 68® . 


Figure 10.- Continued. 
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(m) Afterbody-nozzle characteristics. 
M = 1.15; NPR, 8.0; A = 68°. 


(n) Afterbody characteristics 
NPR, 8.0; A = 68° 


Figure 10.- Continued 








a, deg 

(o) Nozzle characteristics. M = 1.15; 
NPR, 8.0; A = 68» . 

Figure 10.- Continued. 
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(p) Afterbody-nozzle characteristics. 

M = 1.25; NPR, 8.0; A = 68°. 


Figure 10.- Continued. 
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(q) Afterbody characteristics. M = 1.25; 
NPR, 8.0; A = 68». 


Figure 10.- Continued 
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(r) Nozzle characteristics. M = 1.25; 
NPR, 8.0; A = 68® . 

Figure 10.- Concluded. 


87 





s 


[Ql 

!■■■■■■■■■! ■■■■iimal 

S ■■■■■■■■■ ■■■■■■■■■■I 
■■■■■■■■a ■■■■■■■■■■I 

SSSi I 

IrsaaBiBBia lanBBKsaBB I 
illKa»*IBS^BBiB 5 B'iBK;«BBBBl 
i!i£flBBBBBk 9 P.HBB ICr<aBBBBBBl 
iBBBBSnSBBB * IIIBBBBBBbI 

■ ibbbbbbbb- 

liiiiBBBBBB IBBBBaBBBil 
laBBBaBBBBa laBaaBBaBal 
laBBBBBflaBa laaBBaBaBal 

Ji!!!i!!!!i !!iif iiliil 

KSS 


issass 


Power setting 


O Cruise 


□ A/B 


□ A/B 


iBBBBiaBBaa ■BBBaaBBBal 
iBBaBaaBBaBiBaBBaaBaal 
iBBBBBBBBBa ■BaaflaaBBal 
"-'BBaBaBflaaBBBaaBBBal 
.■BBBBflaa aBaBBaaBBal 
aBiaBBBBIBBBBBBBBal 
- _ J^'IBaflBBBB aBBaBBaBBa I 
laBBBBflBBBa iBaBBaaBaBl 


iBBaakaaBaaaBBBaaBBaal 
lBBBflk..1BBBB ■BBBBBBBBbI 
iBBBBB'^lbflBa ■BBaBBBBBal 
IfiiSS*^*- ■■■ ■■■aaBBBBal 
laiBBaBkaaa iBBaaBaaBal 
iBBBBBBHk'.'aa ■■■■■■■■■■ I 
iBaaaflBBB IB aaBBaBaBaBl 
iBBBBBBBBk a aBaBBBBBaal 

Ibbbbbbbbbm aBBaBBaBaBl 
iBflflBBBBBBk aaBaaBBaBal 
iBBBBBBBBBB^^BBBaBaaBBl 
IbBBBBBBBBB k««BBBBBBa I 
IbBBBBBBBBB I ^MBBBBBBB I 
IBBBBBBBBBa BiiMBBaBBaal 
I BBBBBBBBBB Bak'BBBBBBfl 
IflBBaBBBBBB BBB laBBlBB . 
IflBaflBBBBBB Ummk BBBBBB | 

IS 5958 fi 8 B*> ■■■■BiaaaBi 
l9998888****"*"*‘'^***l 

laaaflBBBBBB aaaBBw* *jibb | 
iBBaaBaaaBB aaBBaiiBaaBl 
IflaBaaaBBBB aBBaaaaBaBl 
l 9 BBB 8 IPP>* ■aBBBBBBBBl 
iBBBaaaBBflB aaBaBaaBBal 
I BBBBBBBBBB BBBBBBBaBal 


^KinKSKSIKS 

BKlB:Kuassssas 

InaiM snm ■■■■■■■■■■I 

IBBaiim 

■■■■A'M ■■■■■■■■■■! 

■■■■■■■■■■I 

AWwiHanl 

^ lig iSB SSSil 

. jn!l!llli feBvtif ■■ml 

SiShBBSSBiSBSB 
u::s68BB?Bss: 

jaaaaaai ■■■■Ksvaiil 

USSSHBSBSSSsilBS 

I ■ ■■— ■■■■II ■■■■■■■ 

li§ii■■■■■i ■■■■■■§ 

^■■■■■■■i ■■■■■■■^-. 

SBHBHBBSBBa 


■■■■■■■■■■I ■■■■■■■■■■■ 

I ■■■■■■■■■■ I 

!■■■■■■■■■■ 

!■■■■■■■■■■ mmm'jr.ammuml 
!■■■■■■■■■■ ■sr<ii!aaBBaBl 
laaaaaaaaaa Ktv.aaaaaaal 

ISS9S9SSS** ^ I 

laaaaaaaaaa ^aaaaaaaaal 
■■■aaBBaa^^ BBaaBaBBaal 
l■■■BaiB^^BaBaBBBBBBa| 
iBBBBBSk^aa BaBBaBBBBal 
|BBBBa>!CBBB BBaBBBBaaal 
I aBBBRUSBBa BBBBBaaaBB I 
1 999!^99***' ■■■■bbbbbbI 

|p^^ 3 ssass!s:sssasss!i 

Ii;-fi9999**' aBBaBBaBBal 

|■■S■■BaaB■ BBBBaaaBBBl 
|99999BBBaa BBBaBBBBBBl 
|■■■BBBBBBB BBBBBBBBBbI 
iBBaBBBaBBaaBBBaaBBBal 
1999999999* ■BBBBBBBaal 

|■9■■BBBBaa BBBaBBBBBBl 

I 99999 BBBBB BaBaBBaaBBl 
I 9 BBBBBBBBB aBBBaBBBBBl 
laBBBaBBBBiiBBBBBBaBBi 


JMKjailM 

! mmr»'AW — 


.jwiaaa ■■■■■■ 

P^snai ■nni 


IgIgTSI 







.016 


,012 


D, n .008 


,004 


.04 
, n 0 

-.04 

.04 

^L, n 0 
-.04 






Power se 

O Cruise 
A/B 


ting: 


0 




u 




-4 0 4 

a, deg 

(c) Nozzle characteristics. M = 0.7; 
NPR, 3.5; A = 22 ° . 


Fi gure 11.- Ctont inue d . 








a, deg 

(f) Nozzle characteristics. M = 0.8; 
NPR, 3.5; A = 22® . 
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(g) Afterbody-nozzle characteristics. 
M = 0.9; NPR, 5.5; A = 22®. 


(h) Afterbody characteristics 
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Figure 11.- Continued. 
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(i) Nozzle characteristics. M = 0.9; 
NPR, 5.5; A = 22°. 


Figure 11.- Continued 




(j) Afterbody-nozzle characteristics. (k) Afterbody characteristics. M = 0.9; 
M = 0.9; NPR, 5.5; A = 68°. NPR, 5.5; A = 68°. 


94 


Figure 11.- Continued 
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(m) Afterbody-nozzle characteristics. 
M = 1.15; NPR, 8.0; A = 68°. 


(n) Afterbody characteristics 
NPR, 8.0; A = 68° 


Figure 11.- Continued. 
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Figure 11.- Continued. 
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(p) Afterbody-nozzle characteristics. 
M = 1.25; NPR, 8.0; A = 68®. 


(q) Afterbody characteristics. M = 1.25; 
NPR, 8.0; A = 68®. 
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Figure 11.- Continued 
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Figure 11.- Concluded. 
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(a) Cruise nozzles in aft position. Afterbody- 
nozzle characteristics. 

Figure 12.- Typical effects of wing sweep on afterbody-nozzle 
aerodynamic characteristics. M = 0.9; NPR, 5.5. 
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(a) Cruise nozzles in aft position - continued. 
Afterbody characteristics. 

Figure 12.- Continued. 
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(a) Cruise nozzles in aft position - concluded. 
Nozzle characteristics. 

Figure 12.- Continued. 
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(b) Cruise nozzles in intermediate position. 
Afterbody-nozzle characteristics . 

Figure 12.- Continued. 
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(b) Cruise nozzles in intermediate position - continued. 
Afterbody characteristics. 

Figure 12.- Continued. 
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a, deg 

(b) Cruise nozzles in intermediate position - concluded. 
Nozzle characteristics. 

Figure 12.- Continued. 
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(c) Cruise nozzles in forward position. 

nozzle characteristics. 

Figure 12.- Continued. 
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(c) Cruise nozzles in forward position - continued. 
Afterbody characteristics. 


Figure 12.- Continued. 
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(c) Cruise nozzles in forward position - concluded. 
Nozzle characteristics. 


Figure 12.- Continued 
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(d) A/B nozzles in forward position - continued. 
Afterbody characteristics. 


Figure 12.- Continued. 
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a, deg 

(d) A/B nozzles in forward position - concluded. 
Nozzle characteristics. 

Figure 12.- Concluded. 
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Figure 13.- Typical effects of 20° speed-brake deployment on afterbody-nozzle 
aerodynamic characteristics for configuration with cruise nozzles in 
intermediate position. A = 68°. 
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a, deg 

(c) Nozzle characteristics. 
M = 0.9; NPR, 5.5. 

Figure 13.- Continued. 
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(f) Nozzle characteristics. 
M = 1.15; NPR, 8.0. 

Figure 13.- Continued. 
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a, deg 

(i) Nozzle characteristics. 
M = 1.25; NPR, 8.0. 

Figure 13.- Concluded. 


117 



ssSsss 

Sl*l!S 


SS SSsf^Bil 

sss:»s::si 


illiiailiil 










88S8'8i8k 

liaianii 

s:«:s:r- 


a8»iS» 






PiIIkIIh: 


laaaaaaaaiaaa 

liaaSaaaalaaa 


»K3»U|i 


aaana 

aaatia 


K :a:s 

Biaa 




laaSa 




aa aw a bbh BBaaaaaaBB bb a bbb bbbb 

■ ■ ii ■ BBt BBBBBiBMB Bg ■ ■ BBgB 

■g B| ■ ggBBBlBBBB ■ g BBgB 

«i B ■■■ BiaaBBHiBBB BB B g BBBB 


188* 


IM88 


isra 


!SS 


»8 


bbbbbbbbbb bb 
BBBBBBBBBB Bg 
BBBBBBBBBB BB 
iBBaaBaaBB ai 
.ibbbbbbbbb bb 

S bbbbbbbbb n 
BBBBBBBBB ~~ 
BBaaBBBBaB 

i BBBgBBBBi 
•MiaBBBg 

M bbbbbbbb bb 
BBiar*- — — 


BIBBBBBBBB bbbbbi 


IbSbbb 


BBlBBaaBBB IBBBBB 
BBBBBBBBH — — — 


iBBBBBKBm I 

laaiaBBBBBB - 
'BBBr.-BiBBB 

:ksb::: 

iB'^'<aaaB?BB 

BBBBBai’BaB 

iraMBBr.aBB 


IBaBBBBaBI 


S88SB 


hltn 

SBHSr 

SSSSSi 


»iiS| 


, iBBaSoaSaBa BaBaBaaBBaaSaSaBiBaBaBBEBBaaBB 

laBBBaflBBgBBaBBBBi’aBaaflBBBBBBBBBBBa'jaBBBBBBaaBBBgBBaaBaaBBBaa 

: BiBBBBBBBB=«aBiBiaBgBaBaBB'>BBfBBBBBaBaBBgBaBaBBBBBiBa 
BBjaaiBaai a'iaaBflHBgBgiar,»«B«iBMMaa«aBgBBBBBBBB«sBB 
|BBagBBBaBaBBBaBBB2BBBBBBBaBBBBB«''gBiBaBBBBBBBBa2aBUaBi>BBad 


88HU 

i-raBBB- 

B-nBBBB 

£^8S: 

>’<>.«B»B 

88 8M: 
iM\h 

BB Bi'BB 


88 S»8 


iBs: 

88888 


m 



BBBBBBl 

BBBBBB 

iiaBBBl 

aBBBBS. 

:88»:i 

J 888888 

gaaBBa 

■BBBBBBl 




'~HBBBB BBBBBgL, 
IHBBBBBaBiBB 
IBaBBlBaBBaBB 
.-JBBBBiaMBBBi 
••«!■■ BBiBBBBi 
BBUBBBBBBBBBB 
af BBBB BaBaBaBt* 
BBBBBB aaaBBBBI 
gl 


BBBBBI iaBBBBBa 

>-.i 8KKSR8888U 

iBh‘r)!Ba83S aaSlaSSr 

iBBk'raBBaBaBiaBBBt 
IBBBB HBBBB BBMBBBB 

1S8S ^«K!!9SS58SS 


S BBaMBBBI 


JS8! 


8888 ? 
*8888: 
KairBH 


BBiaunBi 


>88888 


IBBU 

BBMB 

8888r 


lEV^SE! 


■ifBi 

BlBBI 


81^;^S8S8S8 


18.888 


bV8888*8 




BBBBBBBB.Vrai 

""“ISbSbbb'^ 


8888881 

-BBBBBbBa 

BgBBBBBB 

bbbbbbbb 

MBIiBBa 

■BBaiaaB 


BBBBI 

8SBU 




i88388S88: » 

laBBBBBBBa IB 

!U888:Ms as 


BBBBflaBBaBBBaBB I 

s8sr::88s:8ss8 

BiBBf BBBBBBBBiB r>B 


i^S88bii 

^BBBP-- 

JS8Sl_. 

8888888 

88S|KS 


S8b8S 


[irEESj 


fsittUit . 
aSS^^iSaSS 8 

si slissis" 


•aSaaaSSaaEI 






SSaSaaS SaafSa 

:8k:8s :::e8: 


H BaaaiaaaaBBa 
aaBBlBaaiBaa 
B||BaaaagBBaBaB 


^BBBBSBgiBBBBBBg^aBaBaiBaBB^BaiflgSffBflBgBBBBBI 
a BBaBBailBBaBiBlB BBBfBiBUBiBBaiBMBBBBaiBBBBal 
I ^|Bpi^BBBBgBBSB BgB.HBMBtBB.BBgBBBBBBaBBBBgi 


BMiiBgBBB.BBBB 

sggBgSgHM 

BaSSBaSSaBB 

[iiiiiS88888S8SS8 

8diR3Rk"Jl: 

18188888888888 


.-jiBaBBSaSaSSSSSSBiiaBiggi 

I8888S888888S88888S8S8SS8::8UB88L- 

;hs88888KU3|8iS!;^:8;;s:^ 


UiR 


88888888888 b888b8*«bbSb88bI 

B8h888S8888ril8n88pE888!:2:K8S8S8:: 

UBaBiiaai.>BB*'.Z«BBiiB*r>:rBBBBBBBBBaBBa 


llBBBBBB«BB 


|a&S888:KK.i83l 

IgKUUEgSr" 


BBKBBaavaBaBaBr<BaaaBBaBiBBBBBBBaBaaBBBBBBBBaBMaBBBaaa| 


■ BBaBBaflBpBBl 
laiBBBBBBiBBl 


lIXSSSriSSaSliSaBSSSaBBSEfBaSSSSBSSBaE&XSSSaSBaBBSaaaBBBaBBBB! 

|^l‘lB:3iRrKsi3::R3r:8lHu9:PJ:h^^^ 


(a) Afterbody-nozzle characteristics . 
M = 0.9; NPR, 5.5. 


(b) Afterbody characteristics. 
M = 0.9; NPR, 5.5. 


Figure 14.- Typical effects of 20® speed-brake deployment and in combination 

with horizontal-tail deflection on afterbody-nozzle aerodynamic characteristics 
for configuration with cruise nozzles in forward position. A = 68®. 
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(c) Nozzle characteristics. 
M = 0.9; NPR, 5.5. 


Figure 14.- Continued. 
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(f) Nozzle characteristics. 
M = 1.15; NPR, 8.0. 

Figure 14.- Continued. 
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(g) Afterbody-nozzle characteristics. 
M = 1.25; NPR, 8.0. 


(h) Afterbody characteristics. 
M = 1.25; NPR, 8.0. 


Figure 14.- Continued. 
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a, deg 

(i) Nozzle characteristics. 
M = 1.25; NPR, 8.0. 

Figure 14.- Concluded. 
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(a) Cruise nozzles. Afterbody-nozzle characteristics. 

Figure 15.- Typical effects of horizontal-tail deflection 
on afterbody-nozzle aerodynamic characteristics for 
configurations with nozzles in forward position. M = 0.9; 
MPR, 5.5; A = 68° . 
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(a) Cruise nozzles - continued. 
Afterbody characteristics. 

Figure 15.- Continued. 
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(a) Cruise nozzles - concluded. 

Nozzle characteristics. 
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Figure 15.- Continued 
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(b) A/B nozzles. Afterbody-nozzle characteristics. 
Figure 15.- Continued. 
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(b) A/B nozzles - continued. Afterbody characteristics. 
Figure 15.- Continued. 
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(b) A/B nozzles - concluded. Nozzle characteristics. 


Figure 15.- Concluded 
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